WHAT'S KNOWN ON THIS SUBJECT: Screening for hypertension in asymptomatic children and adolescents occurs during routine care. For those with elevated blood pressure, a repeat measurement within 1 to 2 weeks is recommended. However, little is known about patterns of care after an incident elevated blood pressure.
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In 2004, an expert panel convened by the National Heart, Lung, and Blood Institute published updated recommendations for the recognition and treatment of high blood pressure (BP) in children and adolescents. 1 In 2011, these recommendations were incorporated, largely unchanged, into a new set of integrated cardiovascular risk reduction guidelines. 2 Despite these long-standing recommendations, hypertension often goes unrecognized in children. 3, 4 Screening for hypertension in asymptomatic children and adolescents occurs during routine clinical care. When a screening blood pressure is elevated in the hypertensive range (blood pressure $95th percentile for age, gender, and height percentile), a repeat measurement within 1 to 2 weeks is recommended. 1, 2 Hypertension is defined as a BP $95th percentile on 3 separate consecutive occasions. 1, 2 Whereas several previous epidemiologic studies have examined pediatric hypertension, these investigations have typically used cross-sectional data or data from nonclinical settings [5] [6] [7] [8] [9] ; fewer studies have examined hypertension screening in routine clinical settings. 3, 4, 10 In particular, little is known about how frequently children and adolescents have elevated BP readings during outpatient care, how soon elevated BP measurements are typically remeasured, and how well a single elevated BP predicts persistent elevation.
To address these gaps in current knowledge, we conducted a retrospective study of BP measured during outpatient care in 3 health care organizations. Our objective was to assess the patterns of care after an incident (ie, first) elevated BP measurement, including the time between an incident elevated BP and repeat measurement, and the likelihood of persistently elevated BP.
METHODS

Study Setting
This retrospective observational study wasconductedin3largeintegratedhealth care delivery systems: HealthPartners of Minnesota, Kaiser Permanente Colorado (KPCO), and Kaiser Permanente Northern California (KPNC). 10 The study period was January 1, 2007, through December 31, 2010. KPCO and KPNC ceded research oversight to HealthPartners; the human subjects review board at HealthPartners approved the study, and written consent was not required.
The 3 participating study sites use the Epic (Madison, WI) electronic health record (EHR). The EHR captures demographic data, health plan enrollment information, encounter data including diagnosis codes, and vitalsigns.BPvalues are captured in specific fields, and multiple BP measurements can be recorded in the EHR at each visit. The EHR does not display the corresponding BP percentiles.
Study Cohort
Inclusion Criteria
We used the following steps to identify a cohort of children aged 3 through 17 years with incident elevated BP. At HealthPartners and KPCO, all subjects from 2007 through 2010 were eligible for inclusion. Because KPNC was completing transition to the Epic EHR in 2007, the study population at KPNC was restricted to 2008 through 2010 and consisted of a 50% sample of subjects in 3 KPNC areas with early EHR implementation. The study included all children and adolescents with at least 2 eligible BP measurements, defined as BP measured in outpatient settings with corresponding height measurements taken within 90 days before or after the respective BP measurements.
Exclusion Criteria
A number of exclusion criteria were then applied. We excluded subjects whose first measured BP during the study period was elevated, because these individuals may have had prevalent, rather than incident, high BP. In addition, subjects were required to have health plan enrollment for at least 6 months before their incident BP reading through 12 months after the date of their incident BP reading. Requiring 12 months of enrollment after the BP date ensured that all study subjects had equal follow-up time, and therefore equal opportunity to have repeat BP measurements taken. 
Identifying Elevated BP
The BPs used in this study were measured as part of routine clinical care. At the 3 study sites, BPs were measured by medical assistants or registered nurses using protocols based on published guidelines for proper BP measurement technique. 1, 11 Staff members at all sites received formal training in BP measurement at the time of their hire, and training updates were provided. At KPCO and HealthPartners, BP was measured predominantly by using aneroid sphygmomanometers; at KPNC, BP was measured by using Welch Allyn (Skaneateles Falls, NY) oscillometric devices. Afterapplying the inclusionandexclusion criteria described above, we performed several additional steps to identify individualswithanincident(ie, first)elevated BP during the study period. Because national guidelines recommend measurement of BP at every health care encounter, 1 we examined BP measurements from all primary care, medical specialty, and surgical specialty settings. Measurements from emergency department and inpatient settings were excluded.
We identified all individuals with an elevated BP in the hypertensive range, defined as systolic and/or diastolic BP $95th percentile for age, gender, and height percentile. 1,2 BPs in the prehypertensive range were not examined. National guidelines recommend repeating an elevated BP at the time of the visit 1 ; in routine practice, providers are likely to make clinical decisions about BP follow-up on the basis of the repeat measurement. Therefore, when multiple BPs were measured on the same day, the last recorded BP was used in analyses.
EHR Review
To validate the accuracy of BP values in analytic data sets, the EHRs of 225 subjects (75 per site) were manually reviewed. These records were randomly sampled from among children and adolescents with BP measurements in the hypertensive range. For 97% of records reviewed, the BPs and height values were identical between the EHR and analytic data, with any differences explained by the use in analytic data of a recent height whenaheightwasnot obtainedontheday of BP measurement. For 96% of manually reviewed EHRs, there were no additional BP readings documented in progress notes or in other text fields of the EHR.
Study Outcomes
The primary study outcome was the proportion of subjects with an incident elevated BP $95th percentile who had a repeat BP measurement taken within 1 month of their incident measurement. Although national guidelines recommend follow-up within 2 weeks, 1,2 we chose to examine follow-up within 1 month as a practical application of these guidelines. Our secondary outcome was the proportion of subjects with an incident elevated BP who met the definition of hypertension (BP $95th percentile on 3 separate consecutive occasions) 1,2 within 12 months after the incident measurement. BP measurements were excluded (ie, right censored) if they occurred .12 months after the incident BP reading.
Analytic Methods
Frequencies and descriptive statistics were calculated for all variables of interest. We also conducted multivariate logistic regression to examine factors associated with the timing of repeat measurement. The dependent variable for multivariate analyses was whether a repeat BP measurement was taken within 1 month of the incident elevated measurement (yes/no); the independent variables were age, gender, BMI category, clinical setting of initial BP measurement, category of BP elevation, health care utilization rate, and study site. For these analyses, the incident elevated BP was divided into 3 mutually exclusive categories: stage 1 systolic elevation (systolic BP: 95th percentile to the 99th percentile plus 5 mm Hg), stage 2 systolic elevation (systolic BP .99th percentile plus 5 mm Hg), or diastoliconly elevation (diastolic BP $95th percentile with systolic ,95th percentile). 1, 2 The health care utilization rate was defined as the number of outpatient visits per patient in the 6 months before the incident elevated BP measurement. Analyses were performed by using SAS, version 9.1.3 (SAS Institute, Cary, NC).
RESULTS
Identifying Individuals With Incident Elevated BP
The overall population in the 3 study sites included 159 981 children and adolescents aged 3 through 17 years with at least 2 eligible BPs measured in an outpatient setting between 2007 and 2010. As shown in Fig 1, after applying study exclusion criteria 72 625 children and adolescents remained in the population. Among these individuals, 6108 (8.4%) had an incident elevated BP during the study period. The percentage with an incident elevated BP ranged from 6.9% to 9.0% across the 3 study sites.
Demographic and Clinical Characteristics
The demographic and clinical characteristics of individuals with an incident elevated BP are presented in Table 1 . As shown, 1632 (26.7%) of those with an incident elevated BP were 15 to 17 years of age, and 1272 (20.8%) were 12 to 14 years of age. In addition, 1629 (26.7%) were obese (BMI $95th percentile for age and gender) and 1101 (18.0%) were overweight (BMI: 85th to ,95th percentile).
Elevated BP was identified from a variety of outpatient settings. As shown in Table 1 , the majority of incident elevated BP readings (n = 3382; 55.4%) were measured at non-well-child visits in primary care. An additional 1535 (25.1%) of incident elevated BPs were measured at well-child visits in primary care, and 795 (13.0%) were measured at surgical specialty visits.
Characteristics of Incident Elevated BP Measurements
The characteristics of the incident elevated BP measurements are detailed in Table 2 . As shown, 405 of 922 (43.9%) of 3-to 5-year-old and 374 of 1127 (33.2%) of 6-to 8-year-old children had diastolic-only elevation (ie, diastolic BP $95th percentile with systolic BP ,95th percentile).
ARTICLE
The proportion of subjects with stage 1 or stage 2 systolic elevation was greater at older ages (test for trend, P , .001).
Among 6108 children and adolescents with an incident elevated BP, 99 (1.6%) had an ICD-9-CM diagnosis code for hypertension or elevated BP in the EHR on the date of their incident reading.
Timing of Repeat BP Measurement
Among 6108 individuals with an incident elevated BP, the next consecutive BP was measured within 1 month for 1275 (20.9%), within 2 to 6 months for 2130 (34.9%), and within 7 to 12 months for 1153 (18.9%) individuals. The remaining 1550 (25.4%) did not have a repeat BP measurement within 12 months after their incident elevated BP reading. With the use of Kaplan-Meier analyses to account forcensored data, the median time to repeat measurement was 4.7 months.
Multivariate analyses of factors associated with having a repeat BP measurement within 1 month are shown in Table 3 . When adjusted for other covariates, age in years (adjusted odds ratio [AOR]: 1.04; 95% confidence interval [CI]: 1.02-1.06) and previous health care utilization rate (AOR: 1.07; 95% CI: 1.05-1.09) were positively associated with having a repeat BP measurement within 1 month. Clinical setting was also strongly associated with this outcome; when the incident elevated BP was measured at a primary care well-child visit, the odds of follow-up were lower than after any other type of visit. The presence of obesity (AOR: 1.12; 95% CI: 0.97-1.31) or stage 2 systolic BP elevation (AOR: 0.99; 95% CI: 0.76-1.30) was not significantly associated with an increased likelihood of having a repeat BP measurement within 1 month of an incident elevated BP. Figure 1 also provides the results of the BP measurements taken consecutively after an incident elevated BP. As shown, among 6108 individuals with an incident elevated BP, 84 (1.4%) had a second and third consecutive elevated BP measurement within 12 months, and therefore met the definition of hypertension. 1, 2 Stratifying this result by the category of initial BP elevation, 3.7% of those with stage 2 systolic BP elevation, 1.6% of those with stage 1 systolic BP elevation, and 0.3% of those with diastolic-only BP elevation had 3 consecutive elevated BP measurements.
Likelihood of Persistently Elevated BP
Finally, subgroup analyses were conducted among those individuals with at least 2 additional BP measurements in the 12 months after the incident elevated measurement. Among 6108 individuals with incident elevated BP, 2998 (49.1%) had at least 2 additional BP measurementswithin 12 months; 84 of these 2998 (2.8%) had 3 consecutive elevated BP measurements.
DISCUSSION
In this large retrospective study of BPs measured during outpatient care, 8.4% of children and adolescents had an incident elevated BP during the study period. Only 20.9% of these individuals had their BP rechecked within 1 month, and the presence of obesity or stage 2 systolic BP elevation was not associated with an increased likelihood of follow-up within 1 month. However, when follow-up BP measurementswere eventually obtained, a great majority of the repeated BPs were normal. Although these findings should be interpreted in the context of certain limitations, given that BPs were not measured in a controlled research setting, the observations have important implications for hypertension screening in children and adolescents in routine outpatient care.
Relatively little has been published regarding outcomes after children and adolescents have incident elevated BP in an outpatient setting. Although our findings are consistent with previous observations that hypertension is often unrecognized in childhood, 3, 4 factors other than underrecognition may also contribute to the lack of follow-up. Providers may recognize an elevated BP but dismiss it as measurement error or a consequence of the child being upset or anxious. Providers may perceive that current BP thresholds are too low and consequently identify too many children as needing follow-up. 12 Additionally, we observed that follow-up within 1 month was less likely after a well-child care visit than after all other types of visits. This finding was unexpected, particularly because well-child care is considered by many as "the ideal context" in which to address childhood cardiovascular health. 2 Also, the frequency of previous outpatient visits was associated with the timing of follow-up. These findings suggest that having a repeat BP measured after an elevated reading is primarily a consequence of having other reasons to seek care; children may be seen for concerns unrelated to BP, and have their BP measurement repeated as a matter of clinic routine.
In this investigation, relatively few children and adolescents with an incident elevated BP met the definition of hypertension within the subsequent 12 months. This observation highlights a number of challenges in the detection of hypertension in routine pediatric and adolescent care. Substantial additional resources would be expended if all individuals with an incident elevated BP returned to clinic for a repeat measurement, and only ∼2% of these individuals (or ∼0.2% of the total population) would be identified as hypertensive. In addition, if clinicians find that most of their patients with a single elevated BP have normal BP on subsequent measurements, they may dismiss elevated values even among children who actually have hypertension.
These findings, particularly if replicated in other settings, have important implications for hypertension screening in children and adolescents. Repeating abnormal BP measurements at the end of the visit could improve detection, with EHR-based alerts to prompt for these repeat measurements. Automatic calculation and display of BP percentiles within the EHR could improve provider recognition of abnormal values. Improving recognition and follow-up in settings without an EHR is likely to be a greater challenge, in part because hundreds of different threshold values are used to identify elevated BP in children and adolescents. 13 Finally, the utility of diastolic values when screening for hypertension in children and adolescents could also be reassessed. For almost one-third of subjects in this study, the incident elevated BP was characterized by an elevated diastolic but normal systolic BP, and only 0.3% of these individuals subsequently met the definition of hypertension. This finding is not altogether surprising given that essential hypertension in children and This investigation has a number of limitations. BPs were measured during routine outpatient visits; whereas standard protocols were used in all study sites, there was no independent way to verify whether BPs were measured by using the standard recommended techniques. 1, 11 
